We present PHENIX recent results on charged particle and transverse energy densities measured at mid-rapidity in Au-Au collisions at √ s N N =130 GeV and 200 GeV over broad range of centralities. The mean transverse energy per charged particle is derived. The first PHENIX measurements at √ s N N =19.6 GeV are also presented. A comparison with calculations from various theoretical models is performed.
Introduction
Charged particle multiplicity (N ch ) and transverse energy (E T ) are global variables which give excellent characterization of the high energy nucleus-nucleus collisions, thus providing information about the initial conditions [ 1] . They help to constrain the wide range of theoretical predictions and discriminate among various mechanisms of particle production. N ch measurements also provide one with an opportunity to study high density QCD effects in relativistic nuclear collisions [ 2] .
First results for N ch and E T at mid-rapidity in Au-Au collisions at √ s N N = 130 GeV and 200 GeV measured with the PHENIX detector were published in [ 3, 4, 5, 6] . In this paper we extend the N ch and E T analysis to more peripheral collisions, up to 65%-70% centrality class corresponding to the average number of participating nucleons N p ≈ 22. The results for the < E T > / < N ch > are presented at √ s N N = 19.6 GeV, 130 GeV and 200 GeV.
We used the same experimental techniques to analyze data obtained at different beam energies. The minimum bias (MB) trigger in √ s N N = 19.6 GeV data was formed by the coincidence of two beam-beam counters. In √ s N N = 130 GeV and 200 GeV data the MB trigger additionally required the signals from two zero degree calorimeters [ 3, 4, 5, 6] . The corrections for the measured E T and N ch related to particle composition and mean transverse momentum are performed based on PHENIX results obtained at √ s N N = 130 GeV [ 7, 8] and 200 GeV [ 9] . 19.6 GeV data corrections are based on NA49 measurements obtained at √ s N N = 17.2 GeV [ 10] .
The part of the PbSc electromagnetic calorimeter used for the E T measurements covers the pseudorapidity range |η| ≤ 0.38 with an azimuthal aperture of ∆φ = 44.4
• in Run-1 data ( √ s N N = 130 GeV) and ∆φ = 112
• in Run-2 data ( √ s N N = 19.6 GeV and 200 GeV). The pad chambers used for N ch measurements have a fiducial aperture of |η| ≤ 0.35 and ∆φ = 90
• and 180
• in the Run-1 and Run-2 data respectively. [ 12] , EKRT [ 11] , KLN [ 2] , mini-jet [ 14] (shaded area), AMPT [ 15] and String Fusion model [ 13] . interaction cross section, is shown in Fig. 2 . The centrality dependence of the ratios is consistent with a constant from the most central to semiperipheral collisions. For N p < 70, ratios tend to drop. Fig. 3 shows the comparison of our results to different model predictions. A powerful test for theoretical models is the comparison to the measured ratios R 200/130 , since many systematic errors in experimental measurements cancel out. The increase of dN ch /dη with centrality is in contrast to the predictions of the EKRT model [ 11] . HIJING [ 12] is in qualitative agreement with this scenario, however the strong centrality dependence of the ratio R 200/130 predicted by HIJING is excluded by the data. Demonstrating a very good agreement with PHENIX measurements at √ s N N = 130 GeV and 200 GeV, String Fusion model [ 13] seems to underestimate the R 200/130 . Our experimental results are well described by two-component minijet [ 14] and high energy QCD gluon saturation [ 2] model calculations from central to semiperipheral events. The PHENIX measurements of the ratio R 200/130 dropping at N p < 70 might set a centrality limit for gluon saturation model application, which predicts a near constant behavior of R 200/130 vs N p . E T and N ch behave in a very similar manner such that the mean E T per charged particle remains unchanged over a broad range of centralities (see Fig. 4 ). Fig. 4 also presents our preliminary result obtained at √ s N N = 19.6 GeV. Since we haven't yet finalized the centrality determination in √ s N N = 19.6 GeV data, we present our result with one point with large uncertainty in N p (this error cancels out in the ratio < E T > / < N ch >).
Results

Conclusions
We presented our results for N ch and E T in a broad range of centralities corresponding to N p varying from 22 to 350. Our results were compared to the various theoretical model calculations. Two-component mini-jet [ 14] and high energy QCD gluon saturation [ 2] model calculations describe our data reasonably well. The ratio R 200/130 of charged particle multiplicities measured at √ s N N = 200 GeV and 130 GeV tends to drop at N p < 70. This implies a centrality limit for gluon saturation model application, which predicts a near constant behavior of R 200/130 . The ratio of the mean E T and N ch stays near constant over the broad range of centralities. It also doesn't change from √ s N N = 130 GeV to 200 GeV within our systematic errors. However, the < E T > / < N ch > measured at √ s N N = 19.6 GeV was about 20% below that obtained at higher √ s N N . This is consistent with mean p t decrease from RHIC √ s N N = 130 GeV and 200 GeV [ 7, 9 ] to SPS √ s N N = 17.2 GeV [ 10] .
